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I. INTRODUCTION
There has been great interest in recent years on the quaternary IlI-V compound GalnAsP IlnP epitaxial layers grown on (001) oriented InP substrates for a variety of applications in optoelectronic devices such as heterojunction lasers and photocathodes, etc.
•
2 The control of crystalline perfection, composition, layer thickness, and lattice match between the epitaxial layer and substrate are extremely important for the device properties.
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In this paper, x-ray double-crystal diffraction studies of epitaxial layers of GaInAsP grown by liquid phase epitaxy is presented. The experimentally determined mismatches and half-widths of rocking curves have given information on the perfection of the epitaxial layers. The relaxed lattice constants of the epitaxial layers in stress-free states was determined from observed lattice deformation using the strain relations.
Ii. EXPERIMENT
Mismatch and rocking curve measurements were made using a Rigaku x-ray double-crystal diffractometer. The first crystal used is a dislocation-free silicon crystal, Si ( 111 ) . The Si(224) asymmetric reflection with euK radiation was used to provide a highly parallel incident be~m to the sample crystal. Epitaxial layers of GalnAsP were grown on (001) oriented InP substrates. The compostion (X, Y) , wavelength, and thickness of the epitaxial layers are listed in Table 1.
III. RESULTS AND DISCUSSION
A. lattice deformation and mismatch between the epitaxial layer and substrate GalnAsP epitaxial layers of high perfection may be grown on loP substrates when composition is adjusted properly. Otherwise, deformation from the layers and mismatches between the layer and substrate will occur, not only positively but also negatiVely. In this situation the same diffraction plane will produce a different peak, i.e., the shift of diffracted peak A W will occur from the substrate to the layer. Fig. 1 .
For the peak separation of layer and substrate
we have
since Bragg law 2dsin e =4, so that
Assuming the apparent crystal system of the epitaxial layer is deformed tetragonally and a l and all are the lattice constants of the epitaxial layer perpendicular and parallel to (001) plane, respectively, as is the lattice constant of the 
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FIG. I. Rocking curves for the
substrate. The following relations are presented. Then we have
aa ll = all -as. (8) For the lattice plane spacing of epitaxial layer of tetragonal structure,
According to the crystallographic principle 
differentiating Eq. (11) and considering the condition
we then get
In combination with Eqs. (6), (0), and (13), we obtain
The corresponding measured and calculated values of the above parameters are shown in Table II .
From these results it is seen that the relation AaJ/a, >f1.a 1i /a, has shown the lattices of all epitaxial layers are tetragonally deformed due to the interfacial stresses. The result of I::.a ll / a, =0 implies that the lattice parameters of the epitaxial layers parallel to the interfaces equal to that of the substrate. This suggests that there are no misfit dislocations at the interface.
B. Determination of relaxed lattice constant and curvature
It was shown that when the thickness of an epitaxial layer is negligible as compared with that of the substrate, the relation between lattice constant I::.a" / a, in oriented (00 1) 
The Poisson's ratio ll is t Land ts are the thickness of the layer and substrate, respectively. Therefore,
Relaxed constant of epitaxial layer can be obtained as follows:
Furthermore, the radius of curvature of the sample can be given 10:
where C denotes the function of the elastic constant of both compounds equal to 1 when these constants are assumed to be identical. The results of the parameters discussed above are listed in Table III .
C. The half-widths of peaks in rocking curve
We also measured the half-widths of the rocking curve using slow scanning as shown in Table IV . One of the typical rocking curves was shown in Fig. 2 . The half-widths of the xray rocking curves for the quaternary epitaxial layers have been regarded as the values being representative of crystal quality of the whole epitaxial layers. It was found that halfwidths were changed very much from crystal to crystal. They depend on perfection of epitaxial layer, depth profile of composition in the layer, the machine function, and so on. 
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IV. CONCLUSIONS
It has been shown that x-ray diffractometry is a powerful technique to study the state of strain and stress in the quaternary GalnAsP system. The results of the experiments show that tetragonal deformation in the epitaxial layers has happened, i.e., Aae/a s > flail/as' The relaxed constant of epitaxiallayer can be obtained using correction factor. The experimental results also agree with the calculated results. The method is simple, fast, and nondestructive.
